Background {#Sec1}
==========

A vertex in a graph *G* is said to be a *groupie* if its degree is not less than the average degree of its neighbors. Various properties of groupies have been investigated in deterministic graph theory (Ajtai et al. [@CR1]; Bertram et al. [@CR2]; Ho [@CR7]; Mackey [@CR10]; Poljak et al. [@CR12]). For example, it was proved in Mackey ([@CR10]) that there are at least two groupies in any simple graphs with at least two vertices. Groupies were even found to be related to Ramsey numbers (Ajtai et al. [@CR1]). More recently, Fernandez de la Vega and Tuza ([@CR6]) showed that, in Erdős-Rényi random graphs *G*(*n*, *p*), the proportion of vertices that are groupies is almost always very near to 1/2 as $\documentclass[12pt]{minimal}
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In this paper, we consider groupies in a more general random graph model, which we call *multitype random graphs*. Let *q* be a positive integer. Denote $\documentclass[12pt]{minimal}
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                \begin{document}$$\Omega $$\end{document}$ are standard, see e.g. Janson et al. ([@CR9]). Our first result is as follows.
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It follows from Theorem [2](#FPar3){ref-type="sec"} that we may reproduce the result for sparse Erdős-Rényi random graphs Fernandez de la Vega and Tuza ([@CR6], Thm. 2) by taking $\documentclass[12pt]{minimal}
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Proof of the main results {#Sec2}
=========================

**Proposition 1** {#FPar4}
-----------------
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-------
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We write $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$N_1^+$$\end{document}$ as the sum of indicators, namely, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$N_1^+=\sum _{v\in V_1}1_{\{d_v\ge \theta n+C_1\sqrt{\ln n}\}}$$\end{document}$. Notice that $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$d_v\sim {\text {Bin}}(\alpha _1n-1,\beta _{11})+\sum _{i=2}^q{\text {Bin}}(\alpha _in,\beta _{1i})$$\end{document}$ is a sum of independent binomial variables. Since $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$d_v$$\end{document}$ is flat around its maximum (Butler and Stephens [@CR4]; Drezner and Farnum [@CR5]), we obtain$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} {\text {E}}N_1^+=\alpha _1n\cdot {\text {P}}(d_v\ge \theta n+C_1\sqrt{\ln n})=\frac{\alpha _1n}{2}-\Theta (\sqrt{n\ln n}). \end{aligned}$$\end{document}$$Based on the bounded difference inequality (see e.g. Bollobás ([@CR3], p. 24) with the difference $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$c_k\equiv 1$$\end{document}$), we obtain for any $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\omega (n)=\Omega (\ln n)$$\end{document}$,$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} {\text {P}}\Big (N_1^+\le \frac{\alpha _1n}{2}-\omega (n)\sqrt{n}\Big )={\text {P}}(N_1^+\le {\text {E}}N_1^+-\omega '(n)\sqrt{n}) \le e^{-\frac{2\omega '^2(n)n}{n}}=o(1), \end{aligned}$$\end{document}$$where $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\omega '(n)$$\end{document}$ is a function tending to infinity as $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$n\rightarrow \infty $$\end{document}$. This proves ([4](#Equ4){ref-type=""}). Following the same reasoning we can show $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\text {P}}(N_1^-\ge \alpha _1n/2-\omega (n)\sqrt{n})=o(1)$$\end{document}$, which concludes the proof. $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\square $$\end{document}$

**Proposition 2** {#FPar6}
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*Proof of Theorem 1 and Theorem 2* {#FPar8}
----------------------------------

These results can be proven in the similar way as Propositions [1](#FPar4){ref-type="sec"} and [2](#FPar6){ref-type="sec"} by noting that, in the $\documentclass[12pt]{minimal}
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Numerical simulations {#Sec3}
=====================

To illustrate our theoretical results, in this section we present a numerical example for the $\documentclass[12pt]{minimal}
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Conclusion {#Sec4}
==========

In this paper, we have studied the groupies in multitype random graphs. It is discovered that the proportion of groupies is very close to 1/2 in multitype random graphs, which include Erdős-Rényi random graphs, random bipartite, and multipartite graphs as special examples. We mention that there are several possibilities to continue this line of research, both by considering other more realistic random network models as well as by analyzing the limit distribution of groupies in random graphs. For example, a natural question could be to ask if there are similar results for $\documentclass[12pt]{minimal}
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